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REFLECTIVE LCD HAVING REFLECTIVITY 
CHARACTERISTICS BETWEEN 
ELECTRODES AND REFLECTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a pixel electrode substrate to be 
used for a reflection type liquid crystal apparatus and to a 
liquid crystal apparatus using Such a pixel electrode Sub 
Strate for displaying pictures and characters as well as to a 
display apparatus using Such a liquid crystal apparatus. 
More particularly, it relates to a reflection type liquid crystal 
apparatus comprising a pair of opposing Substrates and 
liquid crystal filling the gap between the Substrates, one of 
which carries thereon a plurality of patterned pixel elec 
trodes for receiving light emitted from the other Substrate. 

2. Related Background Art 
The World has entered a So-called multi-media age and 

devices and equipment for exchanging pictorial information 
for communication purposes are playing an ever 
increasingly important role, Liquid crystal apparatus are 
attracting attention because they can be realized in a thin and 
portable form and consume only a Small amount of power So 
that the industry of manufacturing Such devices has grown 
as one of the major industries, comparable with the Semi 
conductor industry. 

Liquid crystal apparatus are at present popularly used for 
So-called notebook size personal computers having a size as 
Short as ten inches. Additionally, liquid crystal is expected to 
play a major role in displays of electronic work Stations and 
home television Sets that typically comprise a large display 
Screen. However, a large display Screen involves high manu 
facturing cost and is required to meet rigorous electric 
requirements for driving the large Screen. As a rule of thumb, 
the manufacturing cost of a liquid crystal display panel is 
Said to be proportional to the Square or cube of the size of 
the Screen. 

Thus, as an alternative, a projection System designed to 
use a Small liquid crystal panel and enlarge the image 
formed on it has been proposed. Such a System is made 
feasible mainly due to the recent development of finely sized 
Semiconductor devices that operate excellently and can be 
manufactured at low cost. 

In View of the recent technological development, there is 
an increasing demand for small TFTs provided with a 
Satisfactory drive power to be used in liquid crystal display 
panels comprising TFTS that use thin film transistors as 
Switching devices for pixel electrodes. Additionally, TFTs 
using polycrystalline Si rather than amorphous Si are gain 
ing popularity. Video signals for the level of resolution 
necessary to meet the NTSC standards that are used for the 
NTSC television System do not require high Speed proceSS 
ing capabilities. Therefore, not only TFTs but also compo 
nents of peripheral circuits including shift registers and 
decoderS may be made of polycrystalline Si to produce a 
liquid crystal display apparatus wherein a display region and 
peripheral drive circuits are integrally formed. 

However, the performance of polycrystalline Si is less 
than that of monocrystalline Si So that shift registers, for 
example, may have to be divided into a plurality of groups 
that are installed Separately in order to realize a television Set 
with a level of resolution higher than the level required by 
the NTSC standards or a computer display with the so-called 
XGA or SXGA class of resolution. Then, noise can appear 
as ghost along the boundaries of the Separated devices in the 
display region to provide a problem to be Solved. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
In an attempt to bypass this problem, display apparatuses 

comprising a monocrystalline Si Substrate having a high 
drive potential have been proposed to replace display appa 
ratus of the above described integral type using monocrys 
talline Si. Since the drive potential of the transistors of the 
peripheral drive circuits of Such display apparatus is 
Satisfactory, the above described technique of dividing 
devices is not necessary here and hence the noise problem 
can be Successfully avoided. 

Liquid crystal display apparatus as described above are 
typically categorized into two types; the transmission type 
comprising a liquid crystal layer arranged between trans 
parent electrodes for displaying images by controlling the 
transmission of incident light; and the reflection type for 
displaying images by providing a light-reflecting Surface on 
the rear Side Substrate controlling the reflection of incident 
light. 
AS for the reflection type liquid crystal apparatus, the 

pixel electrodes arranged on the rear Side Substrate are 
patterned to Show a matrix that has openings between any 
adjacently located pixel electrodes. AS light enters through 
the openings, drive devices Such as transistors arranged 
below the pixel electrodes and Some of the peripheral 
circuits are irradiated with incident light to give rise to leak 
currents that adversely affect the image displaying charac 
teristics of the apparatus. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a reflection type liquid crystal apparatus that is free from the 
above identified problems and adapted to effectively utilize 
incident light that enters through openings defined by the 
pixel electrodes of the apparatus. 

Another object of the present invention is to provide a 
pixel electrode Substrate to be used for a liquid crystal 
apparatus comprising a plurality of pixel electrodes and 
adapted to display images by causing the pixel electrodes to 
reflect incident light, characterized in that a reflection layer 
is arranged below openings defined by Said plurality of pixel 
electrodes to reflect light entering through the openings back 
to Said openings. 

Still another object of the present invention is to provide 
a reflection type liquid crystal apparatus comprising a pixel 
electrode Substrate carrying thereon a plurality of pixel 
electrodes, an opposite Substrate disposed vis-a-vis Said 
pixel electrodes and a liquid crystal material filling the gap 
between the Substrates and adapted to display images by 
causing the pixel electrodes to reflect light entering from 
Said opposite Substrate, characterized in that a reflection 
layer is arranged below openings defined by Said plurality of 
pixel electrodes to reflect light entering through the openings 
back to Said openings. 

According to the invention, the reflection layer formed 
below the openings, each being defined by adjacently 
located ones of Said pixel electrodes, in order to reflect light 
entering through the openings back to Said openings has the 
following advantages. 

(1) The intensity of Signal light is raised (and that of the 
diffracted light component is reduced) to enhance the 
clearneSS and the contrast of the displayed image. 

(2) Since the areas between one pixel electrode and the 
other pixel electrode can participate in the operation of 
displaying images, the displayed image is free from the 
boundary lines of the pixel electrodes and appears very 
natural. 

(3) Since the displayed image is free from the boundary 
lines of the pixel electrodes, a large number of pixels 
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can be densely arranged on a Small panel without 
giving rise to any problem. When the boundary lines of 
the pixel electrodes are noticeable, the pixel electrodes 
have to be so sized as to minimize the effect of the 
noticeable boundary lines So that a display panel 
designed to display clear images is inevitably made 
large. The arrangement of a reflection layer according 
to the invention dissolves this problem. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic croSS Sectional view of a liquid 
crystal apparatus according to the invention. 

FIG. 2 is a circuit diagram of a pixel electrode Substrate 
according to the invention. 

FIG. 3 is a Schematic circuit diagram of a liquid crystal 
apparatus according to the invention and including periph 
eral circuits. 

FIG. 4 is a circuit diagram of a circuit for accurately 
Synchronizing a video signal and a Sampling pulse. 

FIG. 5 is a Schematic plan View of a liquid crystal panel, 
showing its relationship with the Sealing arrangement. 

FIGS. 6A and 6B are graphs for determining the accept 
ability and non-acceptability of an etching operation to be 
used for manufacturing a liquid crystal apparatus according 
to the invention. 

FIG. 7 is a schematic illustration of an optical system 
comprising a reflection type liquid crystal apparatus accord 
ing to the invention. 

FIG. 8 is a schematic block diagram of the peripheral 
circuits of a reflection type liquid crystal apparatus accord 
ing to the invention. 

FIG. 9 is a schematic illustration showing in cross section 
a display area of a reflection type liquid crystal display 
apparatus according to the invention. 

FIG. 10 is a schematic illustration also showing in cross 
Section a display area of a reflection type liquid crystal 
display apparatus. 

FIG. 11 is a Schematic partial croSS Sectional view of a 
reflection type liquid crystal display apparatus according to 
the invention. 

FIG. 12 is a graph showing the relationship between the 
ratio of the liquid crystal layer thickness to the gap distance 
between adjacent pixel electrodes (=d1/d2) and the ratio of 
the liquid crystal subjected to the electric field of the display 
panel by not less than 95%. 

FIG. 13 is a schematic partial cross sectional view of a 
reflection type liquid crystal display apparatus, showing the 
liquid crystal layer having a thickness of 6 um and adjacent 
pixel electrodes are separated by a distance of 1 lum. 

FIG. 14 is a graph showing the relationship between the 
distance from the pixel electrodes and the field Strength. 

FIG. 15 is a schematic partial cross sectional view of an 
liquid crystal apparatus, illustrating a Step of the process of 
manufacturing it. 

FIGS. 16A, 16B and 16C are schematic illustrations 
showing a projection type display apparatus according to the 
invention. 

FIGS. 17A, 17B and 17C are graphs showing the spectral 
reflection characteristics of the dichroic mirrors that can be 
used in a projection type display apparatus according to the 
invention. 

FIG. 18 is schematic illustration of the color separation/ 
illumination Section of a projection type display apparatus 
according to the invention. 
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4 
FIG. 19 is a schematic cross sectional view of a liquid 

crystal panel according to the invention. 
FIGS. 20A, 20B and 20O are illustrations showing the 

underlying principle of color Separation and color Synthesis 
for a liquid crystal panel according to the invention. 

FIG. 21 is an enlarged Schematic partial plan view of a 
liquid crystal panel according to the invention. 

FIG.22 is a Schematic illustration of the projection optical 
System of a projection type display apparatus according to 
the invention. 

FIG. 23 is a schematic block diagram of the drive circuit 
System of a projection type display apparatus according to 
the invention. 

FIG. 24 is an enlarged Schematic view of an image 
projected on the display Screen of a projection type display 
apparatus according to the invention. 

FIG. 25 is an enlarged Schematic partial plan view of a 
liquid crystal panel according to the invention. 

FIG. 26 is a schematic cross sectional view of a liquid 
crystal panel according to the invention. 

FIGS. 27A and 27B ae an enlarged schematic partial plan 
View and an enlarged Schematic croSS Sectional side View of 
a liquid crystal panel according to the invention. 

FIG. 28 is an enlarged Schematic partial croSS Sectional 
Side view of a known transmission type liquid crystal panel 
comprising micro lenses. 

FIG. 29 is an enlarged schematic partial view of a 
projected image obtained by a known projection type dis 
play apparatus realized by using a transmission type liquid 
crystal panel comprising micro lenses. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Now, the present invention will be described by referring 
to the accompanying drawings. First, a reflection type liquid 
crystal display apparatus disclosed earlier by the inventors 
of the present invention (Japanese Patent Application No. 
7-186473) will be described by referring to FIG. 10 in order 
to illustrate the underlying idea and the basic configuration 
that are common to display apparatus of the type under 
consideration. 

FIG. 10 is a schematic illustration showing in cross 
Section a display area of a reflection type liquid crystal 
display apparatus. In FIG. 10 there are shown an insulation 
layer 8, a light shielding layer 107 typically made of a 
material having a low reflectivity such as Ti, TiN, W or Mo, 
another insulation layer 9, pixel electrodes 12 having a 
reflection Surface and typically made of aluminum or an 
aluminum compound Such as Al, AlSi, AlSiCu, AlSiOe, 
AlGeCu or AIC or Some other metal Such as Cr, Au or Ag, 
a liquid crystal layer 14 and an opening S between adja 
cently located pixel electrodes. 
The light shielding layer 107 is arranged in such a manner 

that it is found at least right below the openings S defined by 
the pixel electrodes 12 So that light entering the openings S 
is blocked by the light shielding layer 107 and does not 
Strike the circuits located below the light Shielding layer. 

Referring now to FIG. 9, in a reflection type liquid crystal 
display apparatus according to the invention, the light 
shielding layer 107 typically made of a low reflection type 
material such as Ti, TiN, W or Mo is replaced by a high 
reflection layer 7 So that rays of light entering the openings 
S are reflected back to the respective openings S. The high 
reflection layer 7 is preferably made of a high reflection 
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metal material. Materials that can be used for the layer 7 
include Al, AlSi, AlSiCu, AlSiOe, AlGeCu, AlC, AlCu and 
AlSiOeCu as well as other metals Such as Cr, Au and Ag. 

In FIG. 9, d1 and d2 respectively denote the thickness of 
the liquid crystal layer 14 and the width of the openings S. 

The material of the high reflection layer 7 may be same as 
or different from that of the pixel electrodes. 

The reflectivity of the high reflection layer is dependent 
on the condition of the related interface of the layer and 
hence the reflectivity of the layer can be improved by 
Smoothing the interface. More Specifically, while the reflec 
tivity of the surface of a metal layer formed by the usual 
deposition apparatus will be about 80 to 85% for aluminum, 
the reflectivity can be remarkably improved by smoothing 
and polishing the Surface of the metal layer to make it mirror 
shine. The reflectivity of the high reflection layer can be 
improved by Smoothing the underlying insulation layer 
and/or the high reflection layer itself by chemical mechani 
cal polishing (hereinafter referred to as CMP). 

Although the reflectivity of the high reflection layer can 
vary depending on the ratio of the transmissivity of the 
liquid crystal layer located above the openings and that of 
the liquid crystal layer located above the pixel electrodes, 
the high reflection layer preferably shows a reflectivity equal 
to 60% to 150%, preferably equal to 80% to 120% of the 
reflectivity of the pixel electrodes if light reflected by the 
high reflection layer is used for Signal light. 

Note that the pixel electrodes have an ordinary reflection 
Surface and are typically made of a material Selected from 
the above listed high reflection metal materials, although 
they may have a double-layered configuration and may be 
provided with a transparent protection film arranged on the 
pixel electrodes or a layer designed to improve the reflec 
tivity of the pixel electrodes. 
Now, the function of the high reflection layer will be 

described by referring to FIGS. 11 to 14. 
Referring FIG. 11 in particular, an electric field is gener 

ated on an area of the liquid crystal layer 14 located above 
each of the openings defined by the pixel electrodes 12 when 
a voltage (V) is applied between the pixel electrodes 12 and 
the oppositely disposed common electrode 15. 

The field strength of the electric field generated above the 
openings will be Substantially equal to the field Strength 
above the pixel electrodes in areas located close to the 
common electrode 15, whereas it will be attenuated to 
become weaker than the field Strength above the pixel 
electrodes in areas located close to the openings (particularly 
at the centers of the openings). 

If the openings have a Small width, the attenuation in the 
field strength will not be remarkable in areas located close 
to the openings So that light reflected by the high reflection 
layer can be mostly utilized for Signal light on the openings. 
However, if the opening have a large width, to the contrary, 
the attenuation in the field strength will become remarkable 
in areas located close to the openings So that only part of 
light reflected by the high reflection layer can be utilized for 
Signal light on the openings. 
AS a result of intensive research efforts directed to finding 

a way of effectively utilizing light reflected by the high 
reflection layer for Signal light, the inventors of the present 
invention discovered that, if the liquid crystal layer has a 
thickness of dl and the opening has a width of d2, light 
reflected by the high reflection layer can be effectively 
utilized when the thickness of the liquid crystal layer and the 
width of the openings show a relationship of d1/d225. 
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FIG. 12 is a graph showing the relationship between the 

ratio of the liquid crystal layer thickness to the gap distance 
between pixel electrodes (=d1/d2) and the ratio of the liquid 
crystal subjected to the electric field of the display panel by 
not less than 95% between the centers of the openings (point 
a in FIG. 11) and the common electrode (point b in FIG. 11) 
obtained as a result of an experiment using a display 
apparatus as shown in FIG. 11. Note that, in FIG. 11, a 
voltage of V is applied to the high reflection layer 7 and the 
common electrode 15, whereas the pixel electrodes 12 are 
held to OV. 
As shown in FIG. 12, the ratio of the liquid crystal 

subjected to the electric field of the display panel by not less 
than 95% exceeds 50% when d1/d225 so that light reflected 
by the high reflection layer can be utilized for Signal light. 
Preferably, the ratio of the thickness to the width is not 
Smaller than 6 or d1/d2>=6. 

FIG. 13 is a schematic partial cross sectional view of a 
reflection type liquid crystal display apparatus, showing the 
liquid crystal layer having a thickness of 6 um and adjacent 
pixel electrodes are separated by a distance of 1 um (d.1/ 
d2=6). It will be seen from FIG. 13 that the area showing a 
ratio of the liquid crystal subjected to the electric field of the 
display panel that is not less than 95% between the center of 
the opening (point a in FIG. 13; Y=0) and the common 
electrode (point b in FIG. 13; Y=6 um) is confined to a Zone 
between point b and about 3.6 um below therefrom (about 
60% of d1=6 um) and the field strength decreases with the 
distance from point b. Note that a voltage V=10(V) is 
applied to the high reflection layer 7 and the common 
electrode 15 and the pixel electrodes 12 are held to V=OV in 
the reflection type liquid crystal display apparatus. FIG. 14 
is a graph showing the relationship between the distance (Y) 
from the pixel electrodes and the field strength on the line 
connecting a and b. 
Now, the present invention will be described by way of 

preferred embodiments, although it should be noted that the 
present invention is by no means limited thereto. While the 
embodiments comprise Semiconductor Substrates, the 
present invention is not limited to the use of Semiconductor 
Substrates and ordinary transparent Substrates may alterna 
tively be used. Additionally, while MOSFETs and TFTs are 
used as pixel Switches for liquid crystal panels in the 
following description, two-terminal type devices Such as 
diodes may alternatively be used. Embodiments of liquid 
crystal panels as described hereinafter may find applications 
including home television Sets, projectors, head mount 
displays, 3-D image Video game machines, lap-top 
computers, electronic notebooks, teleconferencing Systems, 
car navigation Systems and instrument panels of airplanes. 
Now, the present invention will be described further by 

way of embodiments, referring to the accompanying draw 
ings. 

FIG. 1 is a Schematic croSS Sectional view of a typical 
liquid crystal panel according to the invention. 

Referring to FIG. 1, there are shown a semiconductor 
Substrate 1 and p-type and n-type wells 2 and 2' along with 
Source regions 3, 3", gates 4 and drain regions 5, 5' of 
transistors. 
As seen from FIG. 1, since a high voltage between 20 and 

35V is applied to the transistors of the display region, the 
Source/drain layer is not aligned with but offset from the gate 
electrode and low concentration n and players 3' and 5' are 
arranged therebetween. The offset is preferably between 0.5 
and 2.0 lim. Meanwhile, part of the peripheral circuits is 
shown in FIG.1. It will be seen that the gate is aligned with 
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the Source/drain layer in that part. The gate is aligned with 
the Source/drain layer in part of the peripheral circuits 
because it comprises logic type circuits that may be driven 
only by 1.5 to 5V So that an aligned arrangement is desirable 
for using down-sized transistors and improving the effect of 
driving transistors. While the offset of the source/drain layer 
is described by referring to specific values, they may be 
modified and the gate length may be optimized to adapt itself 
to the breakdown Voltage. 

The Substrate 1 is made of a p-type Semiconductor mate 
rial and shows the lowest potential (normally the ground 
potential). A voltage to be applied to the pixels which is 
between 20 and 35V is also applied to the n-type well in the 
display region, whereas a logic drive Voltage between 1.5 
and 5V is applied to the one in the logic Section of the 
peripheral circuits. With this arrangement, the device can 
operate optimally for the Voltages So that not only the chip 
Size may be reduced but the pixels may be driven at high 
Speed to display high quality images. 

Otherwise, there are shown in FIG. 1 a field oxide film 6, 
Source electrodes 10 connected to respective data lines and 
drain electrode 11 connected to respective pixel electrodes 
along with pixel electrodes 12 typically made of a material 
having a high reflectivity for providing a reflection Surface 
and a high reflection layer 7 covering the display region. 
Materials that can be used for the high reflection layer 
include aluminum or an aluminum compound Such as Al, 
AlSi, AlSiCu, AlSiOe, AlGeCu, AlC, AlCu or AlSiOeCu or 
Some other metal Such as Cr, Au or Ag. Reference Symbol 
7' denotes a light shielding layer typically made of a material 
Same as that of the high reflection layer 7 and designed to 
cover the peripheral region. Note, however, that, unlike the 
high reflection layer 7, the light shielding layer 7" for 
covering the peripheral region does not have to reflect light 
and, therefore, may be made of a low reflectivity material 
such as Ti, TiN, W or Mo as in the case of the light shielding 
layer 107. 
As seen from FIG. 1, the high reflection layer 7 in the 

display region covers transistors except the areas connecting 
the pixel electrodes and the drain electrodes, whereas the 
light Shielding layer 7" in the peripheral region is partly 
removed in regions where the line capacitance can be large 
Such as part of the Video lines and the clock lines in an 
ingenious way So that high Speed Signals may be transferred 
without problem. If illumination light can get into the inside 
through areas where the light Shielding layer 7" is removed 
to give rise to operational failures on the part of the circuits, 
those areas are to be covered by an electrode layer 12 
arranged at the level of the pixel electrodes 12. 

Reference numeral 8 denotes an insulation layer arranged 
under the high reflection or light shielding layer 7 or 7" and 
comprising a P-SiO layer (a SiO layer formed by plasma 
CVD) that is smoothed by means of SOG and another P-SiO 
layer covering it in order to ensure the insulation effect of the 
layer 8. The smoothing operation using SOG may be 
replaced by an operation of forming a P-TEOS film, cov 
ering it with a P-SiO film and treating the insulation layer by 
means of a CMP process. 

Reference numeral 9 denotes an insulation layer formed 
between the pixel electrodes 12 and the high reflection layer 
7 and between the electrode layer 12" and the light shielding 
layer 7" So that the charge holding capacitance of the pixel 
electrodes is formed by way of this insulation layer. In order 
to provide a large capacitance, a layer of high permittivity 
P-SiN, Ta-Os or a multilayer structure thereof with SiO, 
may be effective if used in place of an SiO2 layer. An 
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8 
insulation layer may preferably be formed to a thickness of 
500 to 5,000 angstroms on the high reflection layer. 

Otherwise, there are shown a liquid crystal material 14, a 
common transparent electrode 15, an opposite Substrate 16, 
highly concentrated impurity regions 17, and 17" and an 
anti-reflection film 20. 

AS Seen from FIG. 1, the highly concentrated impurity 
layers 17 and 17" formed under the transistors have the 
polarity Same as that of the Wells and formed in and around 
the Wells. With this arrangement, high quality images can be 
displayed if a high amplitude Signal is applied to the Source 
because the potential of the Wells is Securely held to a 
desired level due to the provision of a low resistance layer. 
Additionally, the provision of the highly concentrated impu 
rity layers 17 and 17" between the n-type wells and the 
p-type wells with a field oxide film interposed therebetween 
makes it unnecessary to arrange a channel Stop layer that is 
normally placed directly under the field oxide film for 
ordinary MOS transistors. 

Since the highly concentrated impurity layers 17, 17 can 
be formed during the process of preparing the Source/drain 
regions, the number of masks and that of processing Steps 
for forming the layers can be reduced to lower the overall 
manufacturing cost. 

Reference numeral 13 in FIG. 1 denotes an anti-reflection 
film arranged between the common transparent electrode 15 
and the opposite Substrate 16 in order to reduce the interface 
reflectivity in view of the refractivity of the liquid crystal 
arranged there. The insulation film preferably has a refrac 
tivity lower than that of the opposite substrate and also that 
of the transparent electrode. 

FIG. 2 is a Schematic circuit diagram of a liquid crystal 
display apparatus having a configuration as described above. 
Referring to FIG. 2, there are shown a horizontal shift 
register (HSR) 21, a vertical shift register (VSR) 22, 
n-channel MOSFETs 23, p-channel MOSFETs 24, hold 
capacitances 25, a liquid crystal layer 26, Signal transfer 
Switches 27, reset Switches 28, a reset pulse input terminal 
29, a reset power Supply terminal 30 and a video Signal input 
terminal 31'. Reference numeral 19 denotes a display region. 
AS shown in FIG. 1, the well region 2 comprises p-type 

Wells, whereas the well region 2" comprises n-type wells. 
Reference numeral 2 in FIG. 2 denotes a p-type well region. 
While a p-type semiconductor substrate is used in FIG. 2, the 
Substrate may alternatively be made of an n-type Semicon 
ductor material. 
The p- and n-type well regions 2 and 2' are preferably 

implanted with an impurity Substance to a concentration 
level higher than the semiconductor Substrate 1. Thus, if the 
impurity concentration of the Semiconductor Substrate 1 is 
between 10' and 10" (cm), that of the well region 2 is 
preferably between 10" and 10''(cm). 

The source electrodes 10 are connected to the respective 
data lines by way of which display Signals are transmitted, 
whereas the drain electrodes 11 are connected to the respec 
tive pixel electrodes 12. Wires typically made of Al, AlSi, 
AlSiCu, AlGeCu or AlCu are used for the electrodes 10 and 
11. A Stable contact can be Secured and a reduced constant 
resistance can be provided by using a barrier metal layer 
made of Ti and TiN under the electrodes 10 and 11. The pixel 
electrodes 12 are typically made of a highly reflective 
material that can provide a Smooth Surface. Materials that 
can be used for the pixel electrodes include Al, AlSi, AlSiCu, 
AlGeCu and AlC that are normally used for wires as well as 
Cr, Au and Ag. Preferably, the Surface of the underlying 
insulation layer and that of the pixel electrodes 12 are treated 



6,166,792 

by means of a chemical/mechanical polishing (CMP) tech 
nique in order to improve their Smoothness. 

The hold capacitances 25 are those for holding respective 
Signals between the pixel electrodes 12 and the common 
transparent electrode 15. The potential of the substrate is 
applied to the well regions 2. The transmission gates of the 
rows are so configured that the n-channel MOSFETs 23 are 
located above the respective p-channel MOSFETs 24 on the 
first row whereas the p-channel MOSFETs 24 are inversely 
located above the respective n-channel MOSFETs 23 on the 
Second row and So on, i.e. arranged alternately. It should be 
noted that not only the Stripe-shaped wells are held in 
contact with the power Supply line in the periphery of the 
display region but there are provided fine power Supply lines 
in the display region for ensuring a tight contact. 

It should be noted here that the stability of the resistance 
of the wells is very important for the operation of the display 
apparatus. Therefore, in this example, the contact area or the 
number of contacts of the n-wells within the display region 
is made greater than its counterpart of the p-Wells. Since the 
p-wells are held to a constant potential on the p-type 
Substrate, the Substrate plays an important role as a low 
resistance body. Thus, while the performance of the n-wells 
arranged like islands may be fluctuated Seriously by input 
and output signals of the Sources and drains, Such fluctua 
tions are prevented by increasing the number of contacts 
with the upper wiring layer to ensure high quality images to 
be displayed on the Screen of the liquid crystal panel. 

Video signals (including ordinary video signals and pulse 
modulated digital signals) are applied to the video signal 
input terminal 31 to turn on and off the Signal transfer 
Switches 27, which output them to the data lines according 
to the pulse from the horizontal shift register. The vertical 
shift register 22 applies a high pulse to the gates of the 
n-channel MOSFETs 23 of the selected row and a low pulse 
to the gates of the p-channel MOSFETs 24 of that row. 
AS described above, the Switches of the pixel Section are 

constituted by monocrystalline CMOS transmission gates 
that have an advantage that the Signal to be written on the 
pixel electrodes does not rely on the threshold value of the 
MOSFETs so that source signals can be written without 
restrictions. Additionally, Since the Switches are formed by 
monocrystalline transistors, they do not show any instability 
of operation on the boundary areas of the crystal grains of 
polysilicon TFTs (poly-Si TFTs) to realize a reliable and 
Stable high Speed drive operation. 

Polysilicon thin film transistors (poly-Si TFTS) may be 
formed on an insulating glass Substrate for a liquid crystal 
apparatus for the purpose of the invention as will be 
described below. 
More specifically, a process for preparing poly-Si TFTS 

for a liquid crystal apparatus will be described by referring 
to FIG. 15. 

Firstly, a glass substrate 111 is subjected to buffer 
oxidation. Then, an a-Si film is formed on the Substrate to a 
thickness of about 50 nm by deposition, using an LPCVD 
technique. Subsequently, the film is turned into a polycrys 
talline silicon layer 103 by irradiating it with KrF excimer 
laser. Thereafter, an oxide film 105 is formed to a thickness 
between 10 and 100 nm for a gate oxide film. After forming 
gate electrodes 106, sources/drains (152, 103, 107) are 
formed by means of an ion doping technique. After activat 
ing the impurities by annealing in a nitrogen atmosphere, an 
insulation film 110 is formed to a thickness of about 500 nm. 
Then, a contact hole is produced for each transistor device 
by patterning and then wiring layers 108a, 108bare formed 
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10 
typically by Sequentially depositing a TiN film by Sputtering 
for layer 108a and an Al-Si film also by sputtering for layer 
108b and then patterning the two film layers simultaneously. 
Thereafter, a reflection layer 707 is deposited by sputtering 
and patterned and then an insulation film 109 is formed for 
a capacitance by decomposing a mixture gas of Silane gas 
with ammonia gas or NO gas in plasma and depositing the 
decomposition product at temperature between 200 and 
400 C. Subsequently, the polycrystalline silicon is ther 
mally treated for hydrogenation in hydrogen gas or in a 
mixture gas of hydrogen gas and inert gas Such as nitrogen 
gas at 350 to 500 C. for 10 to 240 minutes. After forming 
a through hole for each device, ITO 508 is formed for a 
transparent electrode. Then, liquid crystal 611 is injected 
into the gap between the Substrate and the opposite elec 
trode. The opposite Substrate is prepared typically by 
Sequentially arranging a black matrix 622, a color filter 623, 
a transparent common electrode of ITO 624, a protection 
film 625 and an orientation film 626. 

In an experiment, the mobility and the leak current of the 
produced poly-Si TFTs could be suppressed to 60 cm/V sec 
and 10'A respectively. Thus, a liquid crystal display 
apparatus comprising poly-Si TFTS according to the inven 
tion is power Saving and can be prepared with a Small chip 
Surface area. 
Now, the peripheral circuits of the display panel will be 

described by referring to FIG. 3. 
FIG. 3 is a schematic block diagram of the peripheral 

circuits. 

In FIG. 3, there are shown a level shifter circuit 32, video 
Signal Sampling Switches 33, a horizontal shift register 
(HRS) 34, a video signal input terminal and a vertical shift 
register (VSR) 36. 
With the above circuit arrangement, the logic circuits 

including the horizontal and Vertical shift registers can be 
driven with a low voltage of 1.5 to 5V to realize a quick and 
low Voltage operation regardless of the Video signal ampli 
tude. Both the horizontal and vertical shift registers (HSR, 
VSR) can be Scanned in opposite directions by means of a 
Selection Switch So that the panel does not need any alter 
ations to make itself adapted to the positional arrangement 
of the optical System and hence to different products to a 
great advantage of the panel particularly in terms of the 
manufacturing cost of Such products. While the Video signal 
sampling switches 33 in FIG. 3 comprise unipolar 
transistors, they may alternatively comprise different 
devices to write an input video Signal to all the Signal lines 
by means of CMOS transmission gates. 
When CMOS transmission gates are used, their operation 

may be fluctuated by Video signals depending on the area of 
the NMOS gates and that of the PMOS gates as well as on 
the difference between the Overlap capacitance of the gates 
and that of the Source/drain regions. However, this problem 
can be prevented and a video signal can be written on the 
Signal lines by connecting the Sources and the drains of 
MOSFETs having a gate length equal to a half of that of the 
MOSFETs of the sampling switches 33 of the corresponding 
polarities to the respective signal lines and applying a pulse 
with the opposite phase. With this arrangement, images of 
higher quality can be displayed on the Screen of the display 
panel. 
Now, a method for accurately Synchronizing a Video 

Signal and a Sampling pulse will be described by referring to 
FIG. 4. To achieve this objective, the delay amount of the 
sampling pulse have to be varied. Referring to FIG. 4, there 
are shown pulse delaying inverters 42, Switches 43 for 
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Selecting one of the pulse delaying inverters, output termi 
nals 44 for an output with a controlled delay amount (OUT 
B representing an opposite phase output and OUT repre 
Senting an in-phase output), capacitances 45 and a protect 
ion circuit 46. 

By a combined use of any of SEL1 (SEL1B: SEL1B being 
an inverted signal of SEL1) through SEL3 (SEL3B: SEL3B 
being an inverted Signal of SEL3), a sampling pulse can be 
made to pass through a Selected number of delaying invert 
ers 42. 

Due to the Synchronous circuit built in the display panel, 
if the Symmetry of an externally applied pulse is damaged 
for Some reason attributable to jigs in terms of delay amount 
for the three panels of red, green and blue of the display 
panel, the Symmetry can be recovered by means of Said 
Selection Switches to display clear images that are free from 
color breakups of red, blue and green due to phase shifts of 
the pulse in a high frequency band. Alternatively, the delay 
amount can be regulated by means of temperature correction 
using the temperature measured by a built in diode and a 
Stored reference table. 
Now, the liquid crystal panel of liquid crystal display 

apparatus according to the invention will be described in 
terms of the components and the liquid crystal Substance. 
The flat liquid crystal panel of FIG. 1 is configured with an 
opposite Substrate and its common electrode Substrate 16 is 
made to show undulations in order to prevent reflections at 
the interface with the common transparent electrode 15 
arranged on a Surface of the Substrate 16. The common 
electrode Substrate 16 is provided on the opposite Surface 
thereof with an anti-reflection film 20. These components 
may be made to show undulated profiles by polishing them 
with fine sands in order to improve the contrast of the 
displayed images. 

Polymer network liquid crystal PNLC is used for the 
liquid crystal of this panel, although polymer dispersion 
liquid crystal PDLC may alternatively be used as polymer 
network liquid crystal. Polymer network liquid crystal 
PNLC can be produced by means of a polymerization phase 
Separation technique, where a Solution of liquid crystal and 
a polymeric monomer or oligomer is prepared and injected 
into a cell with a known technique and then the liquid crystal 
and the polymer are phase-separated by means of UV 
polymerization to form a polymer network in the liquid 
crystal. PNLC contains liquid crystal to a large extent (70 to 
90 wt %). 

Scattering of light can be increased in PNLC when 
nematic liquid crystal having a highly anisotropic refractiv 
ity (An) is used for it. A low voltage drive is made possible 
by the use of nematic liquid crystal having a dielectrically 
highly anisotropic property (Ae). Scattering of light can be 
made Strong enough for achieving a sharp contrast for the 
display of imageS when the Size of the polymer network 
expressed in terms of the distance between the centers of 
adjacent meshes is between 1 and 1.5(um). 
Now, the relationship between the Sealing arrangement 

and the configuration of the panel will be described by 
referring to FIG. 5. In FIG. 5, there are shown a sealing 
member 51, an electrode pad unit 52, a clock buffer circuit 
53 and an amplifier 54, which amplifier operates as an output 
buffer to be used for an electric test of the panel. Otherwise, 
there are also shown an Ag paste Sections 55 that show an 
electric potential same as that of the opposite Substrate, a 
display section 56 and a peripheral circuit section 57 typi 
cally comprising SR (shift registers and other devices. AS 
seen from FIG. 5, circuits are arranged both inside and 
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outside of the Seal in order to reduce the overall chip size. 
While all the pads that are arranged on a lateral side of the 
panel, they may alternatively be arranged on the top or 
bottom side of the panel or on two or more than two sides 
of the panel for handling a high Speed clock efficiently. 
When preparing an liquid crystal apparatus by using an Si 

Substrate, the electric potential of the Substrate can fluctuate 
to give rise to operational failures of the panel if a Strong 
beam of light emitted from a projector Strikes one or more 
than one lateral walls of the substrate. Therefore, it is highly 
desirable that the peripheral circuit Sections at the top and 
the lateral sides of the panel are realized in the form of 
substrate holders that can shield light. Additionally, the Si 
substrate is preferably provided on the rear surface thereof 
with a plate of a metal having a high thermal conductivity 
Such as Cu that is adhered to the Substrate by means of an 
adhesive agent also having a high thermal conductivity, the 
metal plate operating as a holder. 
Now, the configuration of and the method of preparing 

pixel electrodes 12 and an electrode layer 12" will be 
described. 

As shown in FIG. 1, the pixel electrodes 12 and the 
electrode layer 12" can be realized in the form of perfectly 
flat reflection electrodes by means of chemical-mechanical 
polishing (CMP). With a CMP technique, unlike the ordi 
nary method of patterning a metal layer and polishing the 
patterned metal, after forming electrode forming grooves for 
an electrode pattern by etching in an insulated region and 
producing a metal layer there, the metal in areas other than 
the electrode pattern is removed by polishing while the 
metal in the electrode pattern is flattened to the level of the 
insulated region. While this technique is applicable to wires 
having a large width relative to the remaining areas of the 
region, it is accompanied by a following disadvantageous 
problem as will be described below. 

In short, polymer can be deposited on the wires to obstruct 
the patterning operation during the etching proceSS if ordi 
nary etching equipment is used. The polymer may presum 
ably consist of reaction products of the Sputtering and 
etching operations and gases existing in the atmosphere. 

In View of this problem, the etching conditions of an oxide 
film type (CF/CHF type) etching operation were studied in 
an experiment conducted by the inventors of the present 
invention. FIGS. 6A and 6B are graphs showing some of the 
results of the experiment. FIG. 6A illustrates the effect of an 
etching process using a total pressure of 1.7 Torr, whereas 
FIG. 6B shows that of an etching proceSS using a total 
preSSure of 1.0 Torr, which is designed for the purpose of the 
invention. 

It will be seen from FIG. 6A that, while the polymer 
deposit is reduced by reducing the concentration of easily 
depositable CHF gas under the total pressure of 1.7 Torr, 
the dimensional discrepancies (loading effect) of the patterns 
located relatively close to the resist and those located 
remotely from the resist remarkably increase to make the 
process unfeasible. 
On the other hand, it will be appreciated from FIG. 6B 

that, with the etching process designed for the purpose of the 
invention, the loading effect can be significantly Suppressed 
when the pressure is gradually reduced until it gets to below 
1 Torr and a remarkable etching effect can be obtained by 
using only CF, eliminating the use of CHF. 

Additionally, with the arrangement of forming pixel elec 
trodes 12 only in the display region, it was found that 
grooves are formed by etching only in the insulation layer of 
the display region So that practically no resist exists in the 
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display regions, whereas the peripheral areas are occupied 
by resist. It is practically impossible to produce Such a 
Structure unless electrodes 12" having a profile Similar to that 
of the pixel electrodes 12 are formed in the peripheral areas 
of the display region. 

With this arrangement, the Step between the display 
Section and the peripheral areas or the Sealing member 
typically observed in known comparable display apparatus 
is eliminated and the gaps of the apparatus are dimensioned 
accurately to achieve an uniform pressure to be applied to 
the entire Surface area and reduce any uneven injection of 
liquid crystal, resulting in a high yield of manufacturing 
liquid crystal display apparatus that can display high quality 
images. 
Now, an optical System that can be used in a reflection 

type liquid crystal panel according to the invention will be 
described by referring to FIG. 7. In FIG. 7, there are shown 
a light Source 71, a focusing lens 72 for producing a focused 
image of the light source, Fresnel lenses 73 and 75 and a 
color separation optical device 74 which is preferably a 
dichroic mirror or a diffraction grating. 

The optical system further comprises a mirror 76 for 
leading the Separated red, green and blue beams of light to 
respective R, G and B panels, a view lens 77 for illuminating 
the panel with parallel rays of light obtained by collimating 
focused beams, a reflection type liquid crystal apparatus 78 
and an iris (not shown) located at position 79. Reference 
numeral 80 denotes a projection lens and reference numeral 
81 denotes a Screen typically of a double-layered Structure 
comprising a Fresnel lens for collimating projected light and 
a lenticular lens for expanding the Viewing angle vertically 
and horizontally. While only a single panel of Single color is 
shown in FIG. 7 for simplicity, a total of three panels of three 
primary colors are actually provided, although it may be 
appreciated that a single panel arrangement may feasibly be 
used in place of the three panels when a micro lens array is 
formed on the Surface of the reflection panel to cause 
different incident rays of light to Strike respective pixel 
regions. As a Voltage is applied to the liquid crystal layer of 
the liquid crystal apparatus 78, incident light is regularly 
reflected by the pixels and then passes the iris located at 
position 79 before it is projected onto the screen 81. 
On the other hand, incident light Striking the reflection 

type liquid crystal apparatus 78 when no voltage is being 
applied to the liquid crystal layer and the latter is in a 
Scattered State will be isotropically Scattered and hence no 
light will strike the projection lens 80 except scattered rays 
of light that are directed toward the aperture of the iris 
located at position 79 So that consequently the display Screen 
remains evenly dark. AS will be appreciated from the above 
description of the optical System, Since no polarizing plate is 
required for it and the Signal light is reflected by the entire 
Surface of the pixel electrode having a high reflectivity 
before it Strikes the projection lens, the display panel can 
provide a degree of brightness that is twice to three times 
higher than that of any known comparable display panel. 

The noise component of light is minimized and a high 
contract display capability is provided Since anti-reflection 
measure is taken on the Surface of the opposite Substrate and 
the interface thereof in this example. Additionally, all the 
optical devices (lenses, mirrors and So on) can be down 
sized to reduce the manufacturing cost and the weight of the 
display apparatus because the panel is adapted to dimen 
Sional reduction. 

Any unevenneSS or fluctuations in the colors and the 
brightness on the display Screen due to the unevenneSS or 
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fluctuations in the colors and the brightness of the light 
Source can be eliminated by inserting a (fly eye lens type or 
rod type) integrator between the light Source and the optical 
System. 

FIG. 8 is a schematic block diagram of the peripheral 
electric circuits other than the panel. 

In FIG. 8, there are shown a power source unit 85 that 
comprises a power Source for lamps and a System power 
Source for driving the panel and the Signal processing 
circuits, a plug 86, a lamp temperature Sensor 87 for detect 
ing any abnormal temperature of any of the lamps, a control 
board 88 for deemergizing any lamps showing abnormal 
temperature, and a filter Safety Switch 89 for deemergizing 
any failed devices other than lamps. For example, an attempt 
for opening the high temperature lamp housing box of the 
apparatus will fail because of the Safety measure provided to 
obstruct the attempt. Otherwise, there are also shown a 
speaker 90, an audio-board 91 that can be provided with a 
built-in processor for 3-D sound and surround sound effects, 
an extension board 92, or extension board 1, comprising 
input terminals connected to an external apparatus 96 for 
providing Signals including those from S-terminals, com 
posite pictures and Voices, Selection Switches 95 for Select 
ing one or more than one appropriate Signals and a tuner 94. 
Signals are transmitted from the extension board 1 to 
extension board 2 by way of a decoder 93. The extension 
board 2 comprises Dsub 15 pin terminals connected to 
Separate Signal Sources Such as Video recorders and/or 
computers and signals applied to it by way of a switch 100 
are converted into digital signals by means of an A/D 
converter 101. 

Reference numeral 103 denotes a main board comprising 
a memory and a CPU as principal components. NTSC 
Signals that have been A/D converted are Stored in the 
memory So that missing Signals may be generated by inter 
polation in order to allocate them appropriately to a large 
number of pixels and Signals may be Subjected to processing 
operations Suited for a liquid crystal apparatus including 
gamma transformation, edge emphasis, brightneSS regula 
tion and bias regulation. Besides NTSC signals, computer 
Signals may be Subjected to processing operations including 
resolution conversion if the panel is a high resolution XGA 
panel and VGA Signals are provided. In addition to the 
operation of processing picture data, the main board operates 
for synthetically combining a plurality of picture data NTSC 
Signals with computer Signals. The output Signal of the main 
board is Subjected to a Serial/parallel conversion to take a 
form that is less affected by noise before it is transmitted to 
a head board 104, where the Signal is once again Subjected 
to a parallel/serial conversion and then to a D/A conversion 
and written onto panels 105,106 and 107 according to the 
number of video lines of the panels by way of an amplifier. 
Reference numeral 102 denotes a remote control panel that 
allows a computer display to be manipulated in a simple 
manner like a TV display. AS described above, a display 
apparatus according to the invention can display fine and 
clear images because high quality images can be obtained by 
processing images that are not highly resolvable. 
Now, a So-called Single panel type full color display 

apparatus comprising a liquid crystal apparatus (panel) that 
is provided with micro lenses will be described. 
The applicant of the present patent application proposed 

a new display panel in Japanese Patent Application No. 
9-72646 to solve the problem that the mosaic arrangement of 
R, G and B pixels is noticeable to the viewer to degrade the 
quality of the image displayed on the Screen of known 
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display panels that are provided with micro lenses. The 
display panel proposed in Japanese Patent Application No. 
9-72646 comprises a pixel unit array obtained by arranging 
a set of pixel units at a predetermined pitch, each pixel unit 
comprising three pixels of a first color, a Second color and 
a third color, in which the first color pixel and the second 
color pixel are arranged in a first direction and the first color 
pixel and the third color pixel are arranged in a Second 
direction different from the first direction, so that the two 
pixels arranged in the first direction Shares the pixel of the 
first color with the two pixels arranged in the Second 
direction, and a plurality of micro lenses arranged on the 
pixel unit array on the Substrate at a pitch corresponding to 
the pitch of pixel arrangement in the first direction and that 
of pixel arrangement in the Second direction. Now, a display 
panel proposed in the above cited Japanese Patent Applica 
tion No. 9-72646 is applied to a liquid crystal apparatus and 
a display apparatus according to the invention. 

FIGS. 16A to 16C are schematic illustrations of the 
optical System of a projection type liquid crystal display 
apparatus comprising a display panel, showing only a prin 
cipal area thereof. Note that FIG. 16A is a plan view, FIG. 
16B is a front view and FIG. 16C is a side view. 

Referring to FIGS. 16A to 16C, the optical system com 
prises a projection lens 1 for projecting the pixel data 
displayed on display panel (liquid crystal panel) 2 that 
comprises a liquid crystal apparatus provided with micro 
lenses onto a predetermined plane, a polarized beam splitter 
(PBS) 3 typically designed to transmit S-polarized beams 
and reflect P-polarized beams, an R (red light) reflecting 
dichroic mirror 40, a B/G (blue and green light) reflecting 
dichroic mirror 41, a B (blue light) reflecting dichroic mirror 
42, a high reflection mirror 43 for reflecting beams of all 
colors, a Fresnel lens 50, a concave lens (positive lens) 51, 
a rod type integrator 6, an elliptic reflector 7 and an arc lamp 
(light source) 8 such as a metal hallide or a UHP having its 
light emitting plane 8a located at the center of the reflector 
7 

The R (red light) reflecting dichroic mirror 40, the B/G 
(blue and green light) reflecting dichroic mirror 41, and the 
B (blue light) reflecting dichroic mirror 42 have spectral 
reflection characteristics as illustrated in FIGS. 17A, 17B 
and 17C respectively. 
The dichroic mirrors are arranged three-dimensionally 

with the high reflection mirror 43 as shown in FIG. 18 in 
order to divide the white illumination light from the power 
Source 8 into three primary colors of R, G and B and 
illuminate the liquid crystal panel 2 with rays of light of 
three primary colors three-dimensionally from different 
respective directions as will be described in greater detail 
hereinafter. 

The flux of light from the light source 8 proceeds in a 
manner as described below. Firstly, the white flux of light 
emitted from the lamp 8 is focused to the entrance (incident 
light Striking plane) 6a of the integrator 6 by the elliptic 
reflector 7 arranged upstream relative to it and then passes 
through the integrator 6, while being repeatedly reflected in 
the latter, to obtain a uniform Spatial intensity distribution. 
The flux of light coming out of the exit 6b of the integrator 
6 is then transformed into a parallel flux running along the 
x-axis (as shown in FIG. 16B) by means of the concave lens 
51 and the Fresnel lens 50 before it gets to the B reflecting 
dichroic mirror 42. 

Only rays of B light (blue light) are reflected downward 
by the B-reflecting dichroic mirror 42 and directed toward 
the R-reflecting dichroic mirror 40 with a predetermined 
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angle relative to the Z-axis (as shown in FIG. 16B). 
Meanwhile, the remaining rays of light of red and green 
(R/G light) pass through the B-reflecting dichroic mirror 42 
and reflected rectangularly by the high reflection mirror 43 
into the direction of the Z-axis and also directed toward the 
R-reflecting dichroic mirror 40. 

Thus, both the B-reflecting dichroic mirror 42 and the 
high reflection mirror 43 are So arranged as to reflect the flux 
of light coming from the integrator 6 (along the X-axis) 
downwardly along the Z-axis in FIG. 16B and the high 
reflection mirror 43 is inclined by 45 from the x-y plane 
around the y-axis, whereas the B-reflecting dichroic mirror 
42 is inclined by an angle smaller than 45 from the X-y 
plane around the y-axis. 
As a result, while the R/G rays of light reflected by the 

high reflection mirror 43 is directed toward the R-reflecting 
dichroic mirror 40 exactly along the Z-axis, the B rays of 
light reflected by the B-reflecting dichroic mirror 42 is 
directed downwardly toward the R-reflecting dichroic mir 
ror 40 along a path tilted by a predetermined angle relative 
to the Z-axis (a tilt in the x-z plane) in FIG. 16B. The 
positional shift and the angular tilt of the B-reflecting 
dichroic mirror 42 from the high reflection mirror 43 are so 
determined as to make the rays of light of the three colors 
interSect each other on the liquid crystal panel 2 in order to 
cause both B light and R/G light to cover a same and 
identical area on the liquid crystal panel 2. 

Then, the rays of R/G/B light directed downward (in the 
direction of Z-axis) in FIG. 16B move toward the 
R-reflecting dichroic mirror 40 and the B/G-reflecting dich 
roic mirror 41, which mirrors are located below the 
B-reflecting dichroic mirror 42 and the high reflection mirror 
43. More specifically, the B/G-reflecting dichroic mirror 41 
is inclined by 45 relative to the X-Z plane around the x-axis, 
whereas the R-reflecting dichroic mirror 40 is inclined by an 
angle Smaller than 45 relative to the X-Z plane around the 
X-axis. 

Thus, of the incident rays of R/G/B light, only those of 
B/G light are transmitted through the R-reflecting dichroic 
mirror 40 and reflected rectangularly by the B/G-reflecting 
dichroic mirror 41 into the positive direction of the y-axis 
before they are polarized by the PBS 3 to illuminate the 
liquid crystal panel 2 arranged horizontally on the X-Z plane. 
As described above (see FIGS. 16A and 16B), since the 

rays of B light proceed with a predetermined angle (the tilt 
in the X-Z plane) relative to the X-axis, they also maintain a 
predetermined angle (the tilt in the X-Z plane) relative to the 
y-axis after being reflected by the B/G-reflecting dichroic 
mirror 41 and illuminate the liquid crystal panel 2 with an 
angle of incidence (along the x-y plane) equal to that angle. 
On the other hand, the rays of G light is reflected rectan 
gularly by the B/G-reflecting dichroic mirror 41 into the 
positive direction of the y-axis before they are polarized by 
the PBS 3 to illuminate the liquid crystal panel 2 perpen 
dicularly with an angle of incidence equal to 0. 

Meanwhile, the rays of R light is reflected by the 
R-reflecting dichroic mirror 40 arranged upstream relative to 
the B/G-reflecting dichroic mirror 41 into the positive direc 
tion of the y-axis in a manner as described, showing a 
predetermined angle relative to the y-axis (the tilt in the y-Z 
plane) as illustrated in FIG. 16C, before they are polarized 
by the PBS 3 to illuminate the liquid crystal panel 2 with an 
angle of incidence (along the y-Z plane) equal to that angle. 
AS described above, the positional shift and the angular 

tilt of the B/G-reflecting dichroic mirror 41 from the 
R-reflecting dichroic mirror 40 are so determined as to make 
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the rays of light of the three colors of R, G and B intersect 
each other on the liquid crystal panel 2 in order to cause both 
R light and B/G light to cover a same and identical area on 
the liquid crystal panel 2. 
As shown in FIGS. 17A to 17C, the cut-off wavelength of 

the B/G-reflecting dichroic mirror 41 is 570 nm and that of 
the R-reflecting dichroic mirror 40 is 600 nm so that the rays 
of orange light are discarded out of the optical path after 
transmitting through the B/G-reflecting dichroic mirror 41 to 
provide an optimal balance of colors. 
As will be described hereinafter, the rays of R, G and B 

light are reflection/polarization modulated by the liquid 
crystal panel 2 and reflected back to the PBS 3, which by 
turn reflects them into the positive direction of the x-axis by 
means of the PBS Surface 3a and causes them to strike the 
projection lens 1. The projection lens 1 enlarges the image 
displayed on the liquid crystal panel 2 before it projects the 
image on the Screen (not shown). 

Since the rays of R, G and B light strike the liquid crystal 
panel 2 with respective angles of incidence that are different 
from each other, the reflected rays of R, G and B light also 
shows different angles. Therefore, the projection lens 1 is 
required to have a large diameter and a large aperture in 
order to take in all of them without missing any portion 
thereof. It should be noted that any angle of inclination of the 
flux of light Striking the projection lens 1 is corrected as light 
of primary colorS is collimated after passing through the 
micro lenses twice to maintain the angle of incidence at the 
liquid crystal panel 2. 
On the other hand, with a known transmission type liquid 

crystal panel LP illustrated in FIG. 28, the flux of light 
leaving the liquid crystal panel LP is spread out partly due 
to the focusing effect of the micro lens array 16 so that the 
projection lens is required to have a large numerical aperture 
and hence a large diameter to accommodate the spread out 
flux of light. 

In FIG. 28, reference numeral 16 denotes a micro lens 
array obtained by arranging a number of micro lenses 16a at 
a predetermined pitch and reference numerals 17 and 18 
respectively denote a liquid crystal layer and pixels of the 
three primary colors of R(red), G(green) and B(blue). 

Rays of light of R, G and B are made to illuminate the 
liquid crystal panel LP with respective angles of incidence 
that are different from each other so that rays of light of 
different colors are received respectively by the pixels 18 of 
the corresponding colors due to the focusing effect of the 
micro lenses 16a. This arrangement makes the use of color 
filters unnecessary and provides a display panel that exploits 
light highly efficiently. Thus, a projection type display 
apparatus provided with Such a display panel can display 
clear and bright color images if it comprises a Single liquid 
crystal panel. 

However, a known projection type display apparatus 
comprising a display panel that is provided with a micro lens 
array as described above has a drawback that the pixels 18 
of the three primary colors of R, G and B are enlarged and 
projected on the Screen with the image being displayed there 
to make the mosaic arrangement of the R, G and B pixels 
clearly visible to the viewer to degrade the quality of the 
image displayed on the Screen. 

Contrary to this, the flux of light coming from the liquid 
crystal panel 2 of this example shows only a relatively 
limited spread So that a clear and bright image can be 
projected onto the Screen by means of a projection lens 
having a relatively Small numerical aperture. Such a projec 
tion lens will naturally show Small dimensions and the 
mosaic arrangement of R, G and B pixels can be made by far 
less visible. 
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Now, the liquid crystal panel 2 of this example will be 

described further. FIG. 19 is an enlarged schematic sectional 
view of the liquid crystal panel 2 of this example. In FIG. 19, 
the reflection layer that involves a characteristic feature of 
the present invention is not expressly shown, Since the 
feature is described above in detail. 

Referring to FIG. 19, it comprises a micro lens substrate 
(glass Substrate) 1, micro lenses 22, a sheet glass 23, a 
transparent opposite electrode 24, a liquid crystal layer 25, 
pixel electrodes 26, an active matrix drive circuit 27 and a 
silicon semiconductor Substrate 28. The micro lenses 22 are 
formed on the Surface of the glass Substrate (alkali type 
glass) 21 by means of an ion exchange method at a pitch 
twice as large as that of the pixel electrodes 26 to Show a 
tow-dimensional array, which is referred to as micro lens 
array. 
The liquid crystal layer 25 is formed by ECB mode 

nematic liquid crystal such as DAP or HAN that is adapted 
to a reflection type display panel and held to an oriented State 
by means of an orientation layer (not shown). The pixel 
electrodes 26 are made of Al (aluminum) and designed to 
operate also as So many reflectors as they are Subjected to a 
CMP process after a patterning operation in order to improve 
the surface condition and their reflectivity. 
The active matrix drive circuit 27 is arranged on the 

silicon Substrate 28 and comprises both a horizontal driver 
circuit and a vertical driver circuit. It is designed to write 
video signals of the three primary colors of R, G and B 
respectively on the R, G and B pixel electrodes 26. While the 
pixel electrodes 26 do not comprise any color filters, they are 
discriminated as R, G and B pixels by the video signals of 
the primary colors written by the active matrix drive circuit 
27 so that they form an R, G, B pixel array as will be 
described hereinafter. 

Firstly, G light will be described as part of light illumi 
nating the liquid crystal panel 2. AS described earlier, 
principal rays of G light are polarized by the PBS 3 before 
they Strike the liquid crystal panel 2 perpendicularly. Note 
that only a ray of G light Striking a micro lens 22a is shown 
in FIG. 19 by arrow G(in/out). 
AS shown, rays of Glight Striking the micro lens 22a are 

focused by the lens 22a and illuminate G pixel electrode 26g 
made of Al, which reflects them and drives them to pass 
through the same micro lens 22a and go out of the liquid 
crystal panel 2. AS the rays of G light reciprocatingly move 
through the liquid crystal layer 25, they are modulated by the 
action of the liquid crystal caused by the electric field that is 
formed between the G pixel electrode 26g and the opposite 
electrode 24 as a signal Voltage is applied thereto before the 
rays return to the PBS 3. The quantity of light reflected by 
the PBS surface 3a and directed toward the projection lens 
1 Varies depending on the extent of modulation So that an 
image with different densities of light and different grada 
tions will be displayed by the pixels. 

Rays of R light falling aslant along the y-Z plane are 
polarized by the PBS 3 before they strike the micro lens 22b 
as indicated by arrow R(in) in FIG. 19. Then, they are 
focused by the micro lens 22b and illuminate R pixel 
electrode 26r located slightly left relative to the position 
right below the lens 22b, which pixel electrode 26r reflects 
them and drives them to pass through a neighboring micro 
lens 22a and go out of the liquid crystal panel 2 (R(out)). 
The (polarized) rays of R light are also modulated by the 

action of the liquid crystal caused by the electric field that is 
formed between the R pixel electrode 26r and the opposite 
pixel electrode 24 as a signal Voltage is applied thereto 
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before they move out of the liquid crystal panel 2 and return 
to the PBS3. Thereafter, they are projected onto the display 
Screen as part of the image to be displayed there in a manner 
as described above by referring to the rays of G light. 
While the rays of G light striking the G pixel electrode 

26g and those of R light striking the R pixel electrode 26r 
may seem to interfere with each other in FIG. 19, it is simply 
because the liquid crystal layer 25 is disproportionally 
enlarged there in terms of its thickness. In actual terms, the 
liquid crystal layer 25 has a thickness of 5 um at most, which 
is very Small relative to the sheet glass 23 having a thickneSS 
between 50 and 100 um and hence such interference does 
not take place regardless of the Size of each pixel. 

FIGS. 20A to 20O illustrate how color separation and 
color Synthesis are carried out for the purpose of the inven 
tion. Note that FIG. 20A is a schematic plan view showing 
the upper surface of the liquid crystal panel 2 and FIGS. 20B 
and 20O are cross sectional views taken along line 20B 
20B (the x-direction) and along line 20O-20C (Z-direction) 
respectively. 

It will be appreciated that FIG.20C corresponds to FIG. 
19 as they are taken along the y-Z plane and Show rays of G 
and R light entering and leaving the respective micro lenses 
22. It will also be appreciated that the G pixel electrodes are 
located directly below the corresponding micro lenses 22 as 
primary pixel electrodes, whereas the R pixel electrodes are 
located directly below the respective boundaries of the 
micro lenses 22 as Secondary pixel electrodes. Thus, the 
angle of incidence 0 of R light is preferably So Selected that 
tan 0 is equal to the ratio of the pitch of pixel arrangement 
to the distance between the micro lens array 22 and the pixel 
electrode array 26. 
On the other hand, FIG. 20B is a cross sectional view 

taken along the X-y plane of the liquid crystal panel. It will 
be seen that the B pixel electrodes that are ternary pixels are 
alternately arranged with the G pixel electrodes as in the 
case of FIG.20C, wherein the G pixel electrodes are located 
directly below the corresponding micro lenses 22, whereas 
the B pixel electrodes are located directly below the respec 
tive boundaries of the micro lenses 22 as ternary pixels. 

Since rays of Blight illuminating the liquid crystal panel 
2 Strike the panel aslant (along the x-y plane) after they are 
polarized by the PBS 3 as described above, those coming 
from the micro lenses 22 are reflected by the respective B 
pixel electrodes and go out respectively from the adjacent 
micro lenses as viewed in the X-direction as shown in FIG. 
20B. The mode of modulation of the liquid crystal layer 25 
on the B pixel electrodes and the mode of projection of B 
light of the liquid crystal panel 2 are same as those described 
above in terms of G and R light. 
The B pixel electrodes are located directly below the 

respective boundaries of the micro lenses 22 and, therefore, 
the angle of incidence 0 of B light is preferably so selected 
that tan 0 is equal to the ratio of the pitch of pixel arrange 
ment (of the G and B pixels) to the distance between the 
micro lens array 22 and the pixel electrode array 26. 

Thus, in the liquid crystal panel 2 of this example, the R, 
G and B pixels are arranged in the order of RGRGRG . . . 
along the Z-direction (first direction) and in the order of 
BGBGBG. ... along the z-direction (second direction). FIG. 
20A shows how they appear when viewed from above. 
AS described above, each of the pixels have a length equal 

to a half of that of each of the micro lenses 22 in either 
direction So that the pixels are arranged at a pitch equal to 
a half of the pitch of arrangement of the micro lenses 22 
along the X- and z-directions. When viewed from above, it 
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will be seen that the G pixels are located directly below the 
centers of the respective micro lenses 22, whereas the R 
pixels are located between the corresponding G pixels along 
the z-direction and directly below the respective boundaries 
of the micro lenses 22 and the B pixels are located between 
the corresponding G pixels along the X-direction and directly 
below the respective boundaries of the micro lenses 22. Each 
micro lens has a rectangular contour whose sides are twice 
as long as the corresponding Sides of a pixel. 

FIG. 21 is an enlarged Schematic partial plan View of the 
liquid crystal panel 2. The lattice of broken lines in FIG. 21 
define pixel units of R, G and B pixels for displaying images. 
The pixel units are arranged two-dimensionally at a 

predetermined pitch on the Substrate to produce a pixel unit 
array. In other words, when the R, G and B pixels are driven 
by the active matrix drive circuit 27 of FIG. 19, the R, G and 
B pixels of each pixel unit defined by the lattice of broken 
lines 29 are driven by respective R, G and B video signals 
that correspond to the location of the pixel unit. 

Let us take a single pixel unit comprising a R pixel 
electrode 26r, a G pixel electrode 26g and a B pixel 
electrode 26b here. As indicated by arrow r1, the R pixel 
electrode 26r is illuminated by rays of R light coming aslant 
from the micro lens 22b, which rays of R light are then 
reflected to move out through the micro lens 22a as indicated 
by arrow r2. Similarly, the B pixel electrode 26b is illumi 
nated by rays of B light coming aslant from the micro lens 
22c as indicated by arrow bl, which rays of Blight are then 
reflected to move out through the micro lens 22a as indicated 
by arrow b2. 
On the other hand, the G pixel electrode 26g is illumi 

nated by rays of G light coming perpendicularly from the 
micro lens 22a (relative to the FIG. 21) as indicated by arrow 
g12, which rays of G light are then reflected back to move 
out perpendicularly through the micro lens 22a. 

Thus, with the liquid crystal panel 2 of this example, 
while rays of light of the primary colors strike each of the 
pixel units respectively with different angles of incidence, 
they leave the pixel unit by way of a same micro lens (micro 
lens 22a in the above described example). 

FIG. 22 is a schematic illustration showing how all the 
rays of light coming from the liquid crystal panel 2 are 
projected onto the screen 9 by way of the PBS 3 and the 
projection lens 1. A liquid crystal panel 2 as illustrated in 
FIG. 21 is used here. When the optical system is so regulated 
that an image of the micro lenses 22 and/or a neighboring 
area in the liquid crystal panel 2 are focused and projected 
on the display screen 9, the rays of light emitted from the R, 
G and B pixels of each pixel unit are mixed with each other 
on the corresponding area of the lattice of the micro lenses 
22 to reproduce the original colors as shown in FIG. 24. 

In this example, a display panel as shown in FIG. 21 is 
used and the plane of the micro lenses 22 and/or a neigh 
boring area provide a conjugated relationship with the 
display Screen So that clear and bright color images may be 
displayed on the Screen without showing the mosaic 
arrangement of R, G and B pixels. 

FIG. 23 is a block diagram of the drive circuit system of 
the projection type liquid crystal display apparatus of this 
example. 

Referring to FIG. 23, there are shown a panel driver 10 for 
producing R, G B video Signals along with drive signals for 
driving the opposite electrode 24 and various timing Signals, 
an interface 12 for decoding Video signals and control 
transmission signals into corresponding Standard Video Sig 
nals and So on, a decoder 11 for decoding Standard Video 
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Signals from the interface 12 into primary color Signals of R, 
G and B and Synchronizing Signals, a ballast 14 for driving 
an arc lamp 8 to emit light and a power Supply circuit 15 for 
feeding the circuit blocks with power. Reference numeral 13 
denotes a controller comprising an operating Section (not 
shown) for controlling the operations of the circuit blocks. 
A projection type liquid crystal display apparatus as 

described above can display clear and bright images without 
showing the mosaic arrangement of R, G and B pixels. 

FIG. 25 is an enlarged schematic plan view of a modified 
example of liquid crystal according to the invention. In this 
example, B pixels are arranged directly below the centers of 
the respective micro lenses 22 as primary color pixels, 
whereas G pixels are arranged alternately with the B pixels 
along the lateral direction as Secondary pixels and R pixels 
are arranged also alternately with the B pixels along the 
Vertical direction as ternary pixels. 

With Such an arrangement again, rays of Blight are made 
to perpendicularly Strike a corresponding pixel unit while 
those of R/G light are made to Strike aslant the pixel unit (in 
different directions with a same angle of incidence) So that 
the reflected rays of light leave the pixel unit through a same 
and common micro lens. Thus, the net result will be exactly 
Same as the preceding example. Alternatively, it may be So 
arranged that R pixels are arranged directly below the 
centers of the respective micro lenses 22 as primary pixels 
and the remaining pixels are arranged alternately and respec 
tively along the lateral and vertical directions. 
Now, another example of display apparatus comprising 

micro lenses will be described. 
FIG. 26 is an enlarged Schematic croSS Sectional view of 

the liquid crystal panel 20 of this example, showing a 
principal area thereof. This liquid crystal panel differs from 
its counterpart of FIG. 19 in that a sheet glass 23 is used for 
the opposite glass Substrate and micro lenses 220 are formed 
by laying thermoplastic resin on the sheet glass 23 by means 
of a So-called reflow technique. Additionally, column Spac 
erS 251 are arranged in non-pixel areas. The Spacers are 
made of photoSensitive resin and produced by photolithog 
raphy. 

FIG. 27A is a schematic partial plan view of the liquid 
crystal panel 20. AS shown, the column Spacers 251 are 
arranged in non-pixel areas located at the corners of the 
micro lenses 220 at a predetermined pitch as a function of 
the pixel arrangement. FIG. 27B shows a cross sectional 
view taken along a line 27B-27B passing through a column 
Spacer 251. Column Spacers 251 are preferably arranged at 
a pitch corresponding to 10 to 100 pixels to show a matrix 
of Spacers. The arrangement of column Spacers has to meet 
the requirement of flatness of the sheet glass 23 and that of 
injectability of liquid crystal, which are contradictory to the 
provision of Spacers. 

The apparatus of this example additionally comprises a 
light shielding layer 221 which is a patterned metal film for 
preventing any leak light from entering the inside through 
the boundary Zones of the micro lenses. This arrangement 
can effectively prevent degraded color Saturation and con 
trast of the projected image due to leak light. Thus, the 
apparatus of FIGS. 16A to 16C comprising a liquid crystal 
panel according to the invention can display clearly defined 
high quality images. 
AS described above in detail, the present invention pro 

vides the following advantages by arranging a high reflec 
tion layer under the opening defined by the pixel electrodes 
of a liquid crystal display panel to reflect light entering 
through the openings back them. 
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(1) The intensity of Signal light is raised (and that of the 

diffracted light component is reduced) to enhance the 
clearneSS and the contrast of the displayed image. 

(2) Since the areas of the pixel electrode Substrate occu 
pied by other than the pixel electrodes can participate 
in the operation of displaying images, the displayed 
image is free from the boundary lines of the pixel 
electrodes and appears very natural. 

(3) Since the displayed image is free from the boundary 
lines of the pixel electrodes, a large number of pixels 
can be densely arranged on a Small panel without 
giving rise to any problem. When the boundary lines of 
the pixel electrodes are noticeable, the pixel electrodes 
have to be so sized as to minimize the effect of the 
noticeable boundary lines So that a display panel 
designed to display clear images is inevitably made 
large as in the case of the display panel of a high 
definition TV set. The arrangement of a reflection layer 
according to the invention dissolves this problem. 

What is claimed is: 
1. A pixel electrode Substrate to be used for a liquid crystal 

apparatus comprising a plurality of pixel electrodes and 
adapted to display images by causing the pixel electrodes to 
reflect incident light, characterized in that: 

a reflection layer is arranged below openings defined by 
Said plurality of pixel electrodes to reflect light entering 
through the openings back to Said openings, 

wherein a reflectivity of said reflection layer is between 
80% and 120% of that of said pixel electrodes. 

2. A pixel electrode Substrate according to claim 1, 
wherein Said reflection layer is made of a metal material. 

3. A pixel electrode Substrate according to claim 2, 
wherein Said metal material contains aluminum. 

4. A pixel electrode Substrate according to claim 3, 
wherein Said metal material is Selected from Al, AlSi, 
AlSiCu, AlSiOe, AlGeCu, AlC, AlCu and AlSiOeCu. 

5. A pixel electrode Substrate according to claim 2, 
wherein Said metal material is Selected from Cr, Au and Ag. 

6. A pixel electrode Substrate according to claim 1, 
wherein Said pixel electrodes are made of a metal material. 

7. A pixel electrode Substrate according to claim 6, 
wherein Said metal material contains aluminum. 

8. A pixel electrode Substrate according to claim 7, 
wherein Said metal material is Selected from Al, AlSi, 
AlSiCu, AlSiOe, AlGeCu, AlC, AlCu and AlSiOeCu. 

9. A pixel electrode Substrate according to claim 6, 
wherein Said metal material is Selected from Cr, Au and Ag. 

10. A pixel electrode Substrate according to claim 1, 
wherein Said pixel electrodes are formed on a Semiconductor 
Substrate. 

11. A pixel electrode Substrate according to claim 1, 
wherein Said pixel electrodes are formed on a glass Sub 
Strate. 

12. A pixel electrode Substrate according to claim 1, 
wherein Said pixel electrodes are formed by means of 
chemical-mechanical polishing. 

13. A reflection type liquid crystal apparatus comprising 
a pixel electrode Substrate carrying thereon a plurality of 
pixel electrodes, an opposite Substrate disposed vis-a-vis 
Said pixel electrodes and a liquid crystal material filing the 
gap between the Substrates and adapted to display images by 
causing the pixel electrodes to reflect light entering from 
Said opposite Substrate, characterized in that: a reflection 
layer is arranged below openings defined by Said plurality of 
pixel electrodes to reflect light entering through the openings 
back to Said openings, 

wherein a reflectivity of said reflection layer is between 
80% and 120% of that of said pixel electrodes. 
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14. A reflection type liquid crystal apparatus according to 
claim 13, wherein Said reflection layer is made of a metal 
material. 

15. A reflection type liquid crystal apparatus according to 
claim 14, wherein Said metal material contains aluminum. 

16. A reflection type liquid crystal apparatus according to 
claim 15, wherein said metal material is selected from Al, 
AlSi, AlSiCu, AlSiOe, AlGeCu, AlC, AlCu and AlSiOeCu. 

17. A reflection type liquid crystal apparatus according to 
claim 14, wherein Said metal material is Selected from Cr, Au 
and Ag. 

18. A reflection type liquid crystal apparatus according to 
claim 13, wherein Said pixel electrodes are made of a metal 
material. 

19. A reflection type liquid crystal apparatus according to 
claim 18, wherein Said metal material contains aluminum. 

20. A reflection type liquid crystal apparatus according to 
claim 19, wherein said metal material is selected from Al, 
AlSi, AlSiCu, AlSiOe, AlGeCu, AlC, AlCu and AlSiOeCu. 

21. A reflection type liquid crystal apparatus according to 
claim 18, wherein said metal material is selected from Cr, Au 
and Ag. 
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22. A reflection type liquid crystal apparatus according to 

claim 13, wherein Said pixel electrodes are formed on a 
Semiconductor Substrate. 

23. A reflection type liquid crystal apparatus according to 
claim 13, wherein Said pixel electrodes are formed on a glass 
Substrate. 

24. A reflection type liquid crystal apparatus according to 
claim 13, wherein Said pixel electrodes are formed by means 
of chemical-mechanical polishing. 

25. A display apparatus characterized by comprising a 
reflection type liquid crystal apparatus according to claim 
13. 

26. A display apparatus according to claim 25, wherein 
light emitted from a light Source is made to irradiate Said 
reflection type liquid crystal apparatus and reflected light is 
made to irradiate a Screen by way of an optical System for 
displaying images on the Screen. 

27. A reflection type liquid crystal apparatus according to 
claim 13, wherein a ratio of a thickness (d1) of Said liquid 
crystal material to a gap (d2) between said pixel electrodes 

20 satisfies d1/d225. 


